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I Alicali-resiatantglaeBfiber. 

^ A gtaad^orming composition having high resistance 
„.ien formed into a glass body, which comprises a magnesium 
silicate admixed with a CaO-containing compound or a calcium 
eiUcate admixed with a MgO-contalnlng compound. Also 
Included Is a process for preparing an alkalHesistant glass 
fiber, which compilses heating a mixture comprising a 
magnesium silicate and CaO-contalnIng compound or a caldum 
sIBcate and a (iilgO<ontaining compound to above the llquldus 
temperature of the mlxhjre to form e viscous OquU, drawing the 
viscous liquid to lOrm a fiber, and cooling the fiber below the 
llquldus temperatura 
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Description 

AIXAU-RESISTANT GLASS HBER 

This Invention concerns a novel alkallHBSlstant glass fiber having sffica, magnet and calcla as its major 
components, and Its preparation from readily available minerals. 
5 AlkaO-reslstant glass fibers are finding increased acceptance, particularly In cementltlous products wtiere 
their inclusion improves the mechanical properties of such products. These improved properties pennit 
thinner, Dghter cement structures to be used as« for example, prefabricated decoraflve panels In cladding the 
outside of buildings. 

Ordinary glass fibers cannot be used in cement, since such a highly alkaline environment tends to attacKand 
10 deteriorate the glass. To overcome this drawback, new glass compositions witii high aScaO resistance have 
been developed. Present conunercial alkaii-fesistant glass fibers are drawn primarily from compositions 
containing predominately silica but wltii zirconia at levels often as high as 25 weight percent as the key 
component While the high zirconia content allows ttie glass to be continuously fiberfzed to small diameters 
and yet remain alkall-feslstant, such glasses containing tills expensive component require ttie use of high 
1$ melting and fiberlzing temperatures. 

it Is therefore a primary obiective of the present invention to provide a glass composition derived from 
relatively inexpensive mineral sources which is highly alkaD-resIstant but which can be readily drawn into 
continuous monofilaments at reasonable operating temperatures. 

Prior attempts at providing such an alkan^esistant glass fiber include that disclosed in PubDshed European 
20 Patent Application 76,677 in which a fiber is formed from a composition containing from 20 to 30 weight 
percent CaO, 15 to 20 percent MgO, and tiie balance SiOa using diopslde alone or in combination with up to 10 
percent sandstone or quartz or up to 20 percent dolomite, in PubUshed Internationa) (PCT) Patent Application 
WO 84/01365, alkali-resistant glass compositions purportedly suitable for use as glass fibers are prepared 
from natural^-occuning pre-reacted zeolite admixed witii a significant quantity of aikaHne earti) 
25 metal-containing materfal such as calcium carbonate. Japanese Kokai 13819/76 discloses an alkaD-resistant 
composition for glass fiber fonnation consisting of 42 to 66 weight percent silica, 5 to 30 percent magnesia 
and 5 to 50 percent calcia. Ott)er glass compositions for use in preparing aikalf-resistant fiber which contain a 
major portion of alkaline earth oxide include those disclosed In U.S. Patents 3,854,886 and 3,904^23, British 
1 ,227,355, West German Offen. 2,361 ,195. Japanese Kokal 107309/76, 3367/60. and 166359/82, and by Kokubu 
30 et al, Kagoshima-ken Kogyo Shiken]o Nempo. 21 , 21-3 and 24-7 (1974). Despite ttiese approaches, however, 
the need still exists for an improved, simplified composition for producing the desired fiber. 

The stated obiective Is realized wtth tiie presentiy disclosed process for preparing an alkalt-reslstant glass 
fiber, which comprises heatbig a mixture comprising a magnesium sHIcate and a CaO-contalning compound, 
or calcium silicate arui a MgO-contalnlng confipound, to above the ilquMus temperature of the mixture to form 
$S a viscous liquid, dmwtng the viscous liquki to form afiber, and cooling \he fiber below the Ilquldus temperature. 

Prefenred Is a process wherein tiie mixture contains from about 30 to 63 weight percent magnesium silicate, 
from 0 to about 47 weight percent sDIca, from about 21 to 45 weight percent calcium carbonate, and from 
about 5 to 20 weight percent of an oxide sheeted from the group consisting of littilum oxide, potassium oxMe, 
sodium oxkle, barium oxide, cadmium oxide, lead monoxide, strontium oxide, zinc oxide, alumina, boric oxUe, 
40 eerie oxide, stannic oxide, titania, zirconia, antimony pentoxlde, ntobium pentoxide, phosphoric pentoxide and 
tantalum pentoxide. or a combination thereof, any single oxide from tiie group being added In a maximum 
amount of about 10 weight percent, especially wherein the magnesium silicate is in the fonn of talc, the silica Is 
In the form of sand, and the calcium carbonate Is In the form of limestone. 

With such a preferred process, the viscous liquid may be readily drawn tiuough an orifice to fbnn a 
45 continuous fiber, and a plurality of tiie cooled continuous fiber formed into a strand. While the compositions of 
this invention are inherently aDcall resistant, the cooled continuous fiber and/or the strand may be coated with a 
layer of alkali-resistant polymer to provide additional alkali resistance, the polymer preferat>ly being selected 
Irom ethyiene-vinyi chloride and butadiene-styrene. | 

The present Invention also includes a glass-forming composition having high alkali resistance when f onned 
SO into a glass t>ody, which comprises a magnesium silicate adinlxed witti a CaO-contaNng compound or a 
calcium silicate admixed witii a MgO-containing compound. Preferably, the composition consists essentially of 
from about 30 to 63 weight percent magnesium slllcs^e. from 0 to about 47 weight percent silica, from about 21 
to 45 weight percent calcium carbonate, and from about 5 to 20 weight percent of an oxide selected from the 
group consisting of lithium oxide, potassium oxide, sodium oxide, barium oxide, cadmium oxide, lead 
SS monoxide, sfrontium oxide, zinc oxide, alumina, boric oxide, ceric oxide, stannic oxide, titania, zirconia, 
antimony pentoxide, niobium pentoxide. phosphoric pentoxide and tantalum pentoxide. or a combination 
thereof, any single oxide tram tiie group being present In a maximum amount of about 10 weight percent. 

The present Invention fiirtiier embraces a continuous, monofilamentous. alkal^fesIstBnt glass fiber, which 
comprises a glass consisting essentially of, in approximate weight percent: 
eo SiOa 30-65 

MgO 12-18 

CaO 12-18 

minor oxkles 5-20 
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the minor oxides being selected from RaaO. RbO, RcaOa. RdOa andReaOs 
wherein Ra « U, K» Na, 

Rb =r Ba. Cd. Pb, Sr» 2n. 

Ro » Al, B, 

Rd - Ce, Sn. T1. Zr. * 
Re « Sb. Nb, P. Ta, and 
wherein a single minor oxide Is present In up to about 10 weight percent of the glass. 

Preferably, the fiber Is from a glass containing from abcait 55 to 60 weight percent SIO2, from about 14 to 16 
weight percent MgO and from about 14 to 16 weight percent CaO. and the minor oxides are selected from 
NaaO. AbOa. CeOa.TiOa and TaaOs, a single minor oxide being from about 2 to 6 weight percent of the glass. 10 
Especially prefen-ed Is such a glass containing from about 2 to 4 weight percent NaaO, from about 4 to 6 weight 
percent AI2O3 and from about 3 to 5 weight percent TIO2. 

The present invention stDI further contemplates a fiber-reinforced cementftious product containing the 
presently disclosed uncoated or coated glass fiber, especially such a product wherein the fiber constitutes 
from about 2 to 10 weight percent of the total solids In the product. * 16 

The present invention pennlts the ready preparation of a continuous, monofiiamentous, alkali-resistant 
glass fiber from a glass composition in which the major constituents are supplied by abundantly occuning 
minerals such as sand, talc and limestone, the temperature required for drawing the fiber being considerably 
below that employed with cumentty available high zirconia glass fibers. 

By continuous fiber Is meant a fiber that can be produced as a monofilament of essentially constant 20 
diameter In infinite length. In contrast to the short-length glass wool fiber commonly produced by spinning 
techniques. This continuous fiber will normally have a nominal diameter of from- about 2 to 60 microns, 
preferably 10 to 20 microns. 

While the present process Is capable of producing either a continuous fiber or a glass wool fiber, 
preparation of the continuous fiber Is of primary consideration. 25 

The glass composition of this continuous fiber has silica (SIO2), magnesia (MgO) and calcla (CaO) as Its 
major components, virfth minor amounts of other metal oxides. The Si02 constitutes about 30 to 66 weight 
percent of the glass, while the MgO and CaO are present at about 12 to 26. preferably 12to 18. weight percent 
each and the combined minor oxides at about 5 to 20 weight percent with no one minor oxide exceeding about 
10 weight percent. 30 

The Si02 in the glass may be supplied by free silica, by the magnesium silicate used to provide the MgO 
content of the glass as described below, by caldum silicate, or by a combination of either or both of these 
silicates and firee silica. Any free silica may be used, with sand being preferred. While the MgO content of the 
glass may be provided by firee magnesia such as seawater magnesia, by magnesium hydroxide, or by 
magnesium carbonate, magnesium siQcate as employed In the present process is preferred. Any magnesium 3S 
silicate. Including olivine, serpentine and forsterfte, may be used, talc being prefen^d. The CaO content of the 
glass will nomialiy be provided by limestone, although other forms of calcium carbonate as well as the calcium 
silicate (woiiastonlte) mentioned above, calcium oxide and calcium hydroxide may be used. Dolomitic 
limestone, for example, might serve as a source for both the MgO and CaO. 

The minor oxides, present in a minimum of about 5 weight percent of the glass, help to provide the proper 40 
viscosity for suitable drawing of the glass at its Ilquidus temperature and to minimize any tendency of the glass 
to crystalitee and/or phase separate. These oxides include Ra20 and RbO in which Ra Is lithium, potassium or 
sodium. Rb Is barium, cadmium. lead, strontium or zinc, added to lower the melting temperature of the glass; 
and R«203. RdOa and ResOs In which Re is aluminum or boron. Rd Is cerium, fin. titanium or zirconium, and Ro 
Is antimony, niobium, phosphorus or tantalum, added to in general Increase the viscosity of the glass at Its 46 
ITquidus temperature. R^iOs and HhOs also providing additional alkali resistance to the glass. Adjustment of 
these minor oxides between their combined limits of about 5 to 20 weight percent of the glass therefore 
provides a certain flexibility In the operating conditions for producing the continuous glass fiber. 

The glass composition may also contain very small amounts (up to 2 weight percent) of other oxides. 
Including colorant oxides such as V2O6, Cr20$. CuO. NIG and CoO thai help absorb Infra red radiation, which SO 
do not affect the desired properties of the glass. 

In preparing an alkali-resistant glass fiber by the general process of the present Invention, a glass-forming 
composltton comprising a magnesium silicate admixed with a CaO-contalnIng compound, a calcium silicate 
admixed with a MgO-containlng compound, or a combination of the magnesium and calcium sIDcates, Is 
heated to a temperature above the Ilquidus temperature of the composition to fbnm a viscous Oquld. The lk)uld 66 
is then drawn, such as through an orifice to fomn a continuous fiber or by spinning to form a glass wool fiber, 
and the resulting fiber cooled to below the Ilquidus temperature. 

The production of a continuous, monofilament fiber requires preparing a mixture of from about 30 to 63 
weight percent magnesium silicate, ftom 0 to about 47 weight percent silica, from about 21 to 45 weight 
percent catoium cartxinate, and from about 5 to 20 weight percent of a minor oxide selected fi^om lithium oxide, 60 
potassium oxide, sodium oxide, bartum oxide, cadmium oxMe. lead monoxMe. strontium oxide, zinc oxide, 
alumina, boric oxide, eerie oxide, stannic oxide, titanla. zirconia, antimony pentoxkie. niobium pentoxide, 
phosphoric pentoxkie and tantalum pentoxkie, or any combination thereof, any single minor oxkle being 
added in a maximum amount of about 10 weight percent, and heating the mixture to a temperature above the 
Ilquidus temperature of the mixture to form a viscous liquid. The viscous Oqukl is then drawn through an orifice 65 
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to form the fiber, and the fiber is cooled below the Bquldus tentparature. The Bquldus temperalufe of the 
mbcture will be from about 900 to 14Q0*Cfor Its compositional range, and the mbrturewffl normally be heated to 
from about 100 to 300»C above the Uquldus to effect the meft. then cooled to a temperature above the Dquldus 
gMng a melt vfecosHy of firom about 100 to 2000 poise. The melt Is then extnided either by gravity or under 

5 pressure through an orifice, nonnally of 2 to 10 mllllmBter diameter, to produce the desired monofltament fiber 
of 10 to 50 microns diameter. The fiber Is cooled to weU below its liquldus temperature, normally by 
coimtercurrent gas stream, and wound on a contlrojous roll. 

Before bebig woimd, the cooled continuous fiber is preferably coated with a layer of an alkalkeslstant 
polymer uslrig a standard coating technique, such as by passing the fiber over a sponge saturated with a 

10 solution of the polymer and then allowing the solvent to evaporate and the polymer to cure. This coating 
pro^rfdss additional alkali resistance to that inherent In the glass fiber Itself. WhBe any alkaff-resislant polymer 
ma^ be used, butadiene-styrene and ethylene-vlnyl chloride are preferred. The polymer coaSng will normally be 
from about 2 to 20 weight percent of the coated fiber and have a thickness of from about 0.2 to 2 microns. 
The monofilament fiber, either uncoated or coated, may be fbnned Into a strand by conventtonal techniques, 

IS and the strand In turn may be polymer coated by such means as detailed above. Such strand Will normally 
comprise from about 100 to 2000 IndMdual fibers. 

The resulting fiber, either uncoated or coated and preferably in strand fonn, is particularly suitable as a 
reinforcing egent In such as cementittous products which have a highly alkaline environment In such products, 
the fiber wfll normally be present at a level of from about 1 to 20, especially 2 to 10, weight percent of the 

20 product The fiber is added to the product by known techniques. 

The fbltowing examples are mereV Olustrattve and are not to be construed as limiting the invention, the 
scope of which Is defined by the appended claims. 

Example 1 

^ A mixture of izez g taldD, 7.75 g floated siilcacat), 4.83 g OmestoneO), 1.68 g powdered 2lrconiaJ2). 1.68 g 
powdered alumlnal2) and 1.58 g powdered tin oxldeta) (equivalent to, by weight 55.3<Vb SIO2. 14^ MgO. 
14.6^ CaO. 5.3iVb AlaOa SJ3Wo ZrOa and SJ3^ Sn02) was blended In a V-blender for 30 minutes, transferred to 
a platinum caidble and heated in an electric heating fumace at 160O'*C for 3 hours. During the melt, the 
mbcture was stirred twice at 1-hour Intervals. The resulting molten glass was cast bito marble form. The glass 

30 marbles were transfened to a platinum bushing having a bottom orifice of 2.0 mm diameter, and the bushing 
placed Inade an electrto fumace. The glass was reheated to a temperatiaB of ISSO^'C, at which the glass had a 
viscosity of about 1 000 poise. A continuous glass fiber was then drawn from the molten glass by puQIng a very 
fine stream of the molten glass through the orifice of the bushing, cooling the resultlngfiber to below 20O<*C by 
counter-current air flow, and attaching the cooled fiber onto a rotating drum, the fiber diameter being 

a? controlled by the drawing temperature and the rate of drum rotation. In this manner a continuous, 
monofilament fiber having a diameter of about 10 microns was obtained from the molten glass. 

(1) MIcrotaks CP 14^ (SIO2 54.7%, CaO 7.05%, MgO 26.8%, AlzOa 1i»Vb, NaaO 0.04%, FeaOs 47%, 
K2O 0w49%, toss on Ignition 0.04%. particle size 90% 1 micron), Pfizer Inc., New York, NY 

(2) AR (995+%). RsherSdentificCo.. Fair Lawn. NJ 

40 (3) Vtoron 15-15 (SIO2 0.5%, CaO 54.7%. MgO 0.62%. AI2OS 0.1%. NaaO 0.35%. Fe208 0XX2%, 1^0 

0X)1%. toss on Ignition 43.61%, parttole siza90% 15 mtorons). Pfizer Inc., New York, NY 

Example -2 

The procedure of Example 1 was repeated using a mixture of 12j58 g tato, 7.79 g floated sHica, 4.89 g 
45 limestone, 1.61 g powdered alumina. 1.65 g powdered sodium carbonated), 1.04 g powdered t[tania(il(equhal- 
ent to. by weight 57.3% SiOa, 14.8% MgO. 14.6% CaO. 5.9% AI203 . 3j6% NaaO. S.8%TI02), resulting in a 
continuous, monofilament alkali-resistant glass fiber of la-mfcron diameter. 

(1) AR (99.5+%). Fisher Scienfific Co. 

A similar continuous, monofilament, alkatkeslstant glass fiber Is obtained firom a mbcture equivalent to, by 
SO weight, 62.0% SiOz, 14.0% MgO, 18.0% CaO. 4.0% U2O and 2.0% P2OS. or a mixture equivalent to 41.0% 
SiOa, ^BXm MgO, 21X)% CaO, 7.0% KaO, 7i)% B2O3 and Qjm NbaOs. 

Bcample 3 

The procedure of Example 1 was repeated using a mbcture of 13.35 g talc. 8.16 g floated silica, 5.1 g 
SS limestone. 1j68 g powdered alumina, and 1 71 g powdered sodium carbonate (equivalent to, by weight 59.8% 
SiOa. 15.4% MgO. 15.6% CaO. 57% AizQz and 3.4% NaaO), resulting In a continuous, monofilament 
alkali-resistant glass fiber of 10 micron diameter. 

A similar continuous, monofilament aOcallHresIstant fiber Is obtained from a mixture equivalent to, by weight, 
64i}% SI02. 12.0% MgO. 12.0% CaO. SJm BaO and 6.0% CeOa. or a mixture equivalent to 32.0% SlOa, 
60 ZSJm MgO, 2503% CaO. 6.0% CdO, 6i)% SrO and 6.0% ZhO. 

Example 4 

The procedure of Example 1 was repeated with the exception that the cooled fiber at about 200"C was 
drawn over a felt soaked with a hexane sc^utton of 8tyren&4)utadiene copolymer dl the solvent allowed to 
evaporate and the polymer to cure before the fiber was coiled on the rotating drum. Thid resulted In a coated 
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fiber with a 1 micron layer of butadlen^styrene polymer representing 20 weight percent of the coated fiber. 

The coating operation may be repeated using an ethyfene-vinyl chterldft polymer W rather than 
butadlene-styrene with similar results. 

(1) Kraton^.SheRChemlcalCo., Houston, TX 

(2) Alrflex^. Air Products and Chemicals. Inc.. AUentown. PA 5 



Example 5 

The fiber of Example 1 and the styrene-butadlene coated fiber of Example 4 were compared with a 
commercially available alKali-resistant flbertu using standard ten5ne<2), alkali durability^), and Strand«4n-Ce- 
ment (S1C)W testing procedures, with the following results: 



Diam, micron 
Tensile Strength 

psi 

mPa 

Alkali Durability 

% wgt loss, 1.25N l!3aOH 
90«C, 72 hrs 



Coinmercial 
15 

200,000 
1330 



4-5 



Ex I 



Ex 4 



10 

180,000 
1240 



12 

200,000 
1360 



10 



IS 



20 



2,15 not run 



Coinmercial Ex 1 Ex 4 ^ 

SIC Test (80*C) 
Strengt:h in mPa after 

20 hrs 900 500 1100 * 

60 hrs 650 600 1000 

(1) CEM-FIL li. Pnidngton Bros. Ltd.. St. Helens, England ^ 

(2) ASTM-D3379-75(1976) method us^gjon Instron apparatus with special load cell 

(3) modified ASTM-C225-73 method (Rothermai et al. Bull. Am. Coram. Soc. 31 . 324 (1952)) 

(4) Single fibers were placed In a wet cement paste at pH 12.1 prepared by mbdng Portland cement 
powder with water. The paste with fibers was held for 2 hours In a high-temperature cabinet at 80" then ^ 
lor 20 hours and 60 hours at room temperature. The fibers were then carefully removed from the cement 

and tested for tensile strength as In (2). 

Example 6 

The procedure of Example 1 was repeated using a mixture equivalent to, by weight, SBJ^ SIO2. 14.7^ » 
MgO, 14.9<V^ CaO, 5.4^ AI2OS 32^ BzOs and 5.3<Vb TaaOs, at a molten glass temperature of 1240^0, ^ 
resulting in a continuous, monofitament, allutn-resistant fiber of 10 micron diameter. 



Claims 



1. A process for preparing an aDcalinnesistant glass fiber, which comprises heating a mixture comprising 
a magnesium silicate and a CaO-contalning compound or a caldum silicate and a MgO-containIng 
compound to above the llquidus temperature of the mixture to form a ^cous4lquld. drawing the viscous 
liquid to fonn a fiber, and cooling the fiber below the flquldus temperature. 

2. The process of claim 1 wherein the mixture contains from about 30 to 63 weight percent magnesium 
silicate, from 0 to about 47 weight percent silica, from about 21 to 46 weight percent calcium carbonate, 
and from about 5 to 20 weight percent of an oxide selected from the group consisting of lithium oxide, 
potassium oxide, sodium oxide, barium oxide, cadmium oxide, lead monoxide, strontium oxide, zinc 



S5 



60 



65 
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oxtde. alumina, boric oxide, eerie oxide. stannlQ oxWe, titania, ztrconla, antimony pentoxide. nloWum 
pantoxide, phosphoric pentoxide and tantalum pentoidde. oracomblnatton thereof, any single oxide from 
theflroupbelngaddedfhamaxinuimamounlofabouliowelghtpercent 

3. ThoW»39 of cWm2whereln the magnesium snicatebin the fomi of 
8and,andthecaIclumcartH)natBiilnlhet6miiofBme8lono. 

4. The process of dalm 2 wherein the viscous liquid is drawn through an orifice to fomi a continuous 
fiber 

5. The process of claim 4%vher8ln the cooled conHhuous fiber Is coaled with a layer of alkalhreslstant 

'^elTdass-fb^ composition hartng high alkali resistance when formed Into a glass body, which 
comprises a magnesium silicate admbced with a CaOK^ntalnbig compound or a calcium plicate admbced 
with a MgOcontalnIng compound. 

7. The composition of claim 6 consisting essentially of firom about 30 to 63 weight percent magnesium 
silicate^ from 0 to about 47 weight percent siUca, from about 21 to 45 weight percent calcium carbonate, 
and from about 5 to 20 weight percent of an oxide selected firom the group consisting of Othlum oxide, 
potassium oxide, sodium oxide, barium (»dde, cadmium oxide, lead monoxide, strontium oxide, zinc 
oxide, alumina, borfo oxide, eerie oxide, stannic oxide, titania, zirconia, antbnoiiy pentoxide, niobium 
pentoxide, phosphoric pentoxide and tantalum pentoxide. or a combination thereof, any single oxide from 
the group being present in a maximum amount of about 10 weight percent 

8* A continuous, monofilamentous. alkaO-feslstant glass fiber, which comprises a glass consisting 
essentiany of, In approximate weight percent: 

SiOa 3065 

MqO 12-18 

CaO 12-18 

minor oxides 5-20 

the minor oxides being selected from R»20, R»0, RcaOa , WOa. RnOs wherefri R« - U, K. Na, 

Rb- Ba,Cd,Pb.Sr,Zn, 

Rc = AI,B. 

Rd o Ce.Sn,T1.2r, 

R»-Sb.Nb,P.Ta,and 
wherein a single minor oxide Is present In up to about 10 weight percent of the glass. 

9. The glass fiber of daim 8 wherein the glass contains from about 55 to 60 weight percent SiOa, from 
about 14 to 1 6 weight percent fAqO and from about 14 to 16 weight percent CaO, and the minor oxides are 
selected from HazO, AlaOs, CeOa, TlOa and TaaOs. a single minor oxide tielhg from about 2 to 6 weight 
percent of the glass. 

10. The glass fiber of claim 9 containing as n^or oxides from about 2 to 4 welgtit percent l^laaO, firom 
about4to6welght percent AisOs and from about3to5weight percent TiOa. 

1 1. A fiber-relnfbrced cementftious product containing the glass fiber of claim 8. 
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